
R.
 A

le
ks

an
,  

A
. G

ai
do

t,
  P

.F
. G

ir
au

d,
  

P.
F.

 H
ar

ri
so

n,
 T

.J
. H

ar
ri

so
n,

A
. H

oc
ke

r,
  H

. L
ac

ke
r,

   
 S

. L
ap

la
ce

, F
. L

e 
D

ib
er

de
r,

 R
 L

iu
, H

. L
i,

E.
O

. O
la

iy
a,

   
   

Y.
 P

an
,  

  V
. S

he
lk

ov
, 

G.
 V

as
se

ur
,  

F.
 W

ils
on

, 
J.

 v
on

 W
im

m
er

sp
er

g-
To

el
le

r,
   

J.
 W

u,
   

   
 S

.L
. W

u,
  C

h.
 Y

ec
he

CE
A-

Sa
cl

ay
, F

ra
nc

e
Q

ue
en

 M
ar

y.
 U

ni
ve

rs
ity

 o
f L

on
do

n,
 U

K
LA

L-
O

rs
ay

, F
ra

nc
e

U
ni

ve
rs

ity
 o

f B
irm

in
gh

am
, U

K
U

ni
ve

rs
ity

 o
f B

ris
to

l, 
U

K
U

ni
ve

rs
ity

 o
f W

isc
on

sin
, U

SA
La

wr
en

ce
 B

er
ke

le
y 

La
b,

 U
SA

LP
N

H
E-

Pa
ris

, F
ra

nc
e

Ru
rth

er
fo

rd
 A

pp
le

to
n 

La
bo

ra
to

ry
, U

K

M
ea

su
re

m
en

t 
of

 C
P-

vi
ol

at
in

g 
A

sy
m

m
et

ri
es

as
ym

m
et

ri
es

 in
   

   
   

   
   

   
  d

ec
ay

s
0 B

h
ρ±

→
m

C
om

m
itt

ee
: J

. O
ls

en
(c

ha
ir)

, J
. R

ic
hm

an
, R

. F
ac

ci
ni

B
A

D
 3

50



M
ea

su
re

m
en

t 
of

 C
P-

vi
ol

at
in

g 
A

sy
m

m
et

ri
es

as
ym

m
et

ri
es

 in
   

   
   

   
   

   
  d

ec
ay

s
0 B

h
ρ±

→
m

So
m
e 

m
ot

iv
at

io
n

Si
gn

al
 s

el
ec

ti
on

Ba
ck

gr
ou

nd
s

Fi
t 

va
lid

at
io
n

Sy
st

em
at

ic
s

Co
nc

lu
si
on

-
an

al
ys

is
 s

tr
at

eg
y

-
an

al
ys

is
 c

om
po

ne
nt

s
-

da
ta

 a
nd

 M
C 

se
ts

-
sk

im
s

-
se

le
ct

io
n 

ef
fi

ci
en

ci
es

-
co

nt
in

uu
m

(u
ds

c)
-

B-
ba

ck
gr

ou
nd

-
τ-

ba
ck

gr
ou

nd

-
fi

t 
fu

nc
ti

on
 d

ef
in

it
io

n
-

PD
Fs

-
to

ys
-

fi
ts

 t
o 

va
ri

ou
s 

M
C 

m
ix

es

-
it

’s 
no

t…
.

-
it

 is
….

.



So
m

e 
m

ot
iv

at
io

n(
“it

’s 
no

t”
)

is
 n

ot
a 

CP
-e

ig
en

 s
ta

te
, t

he
re

 a
re

 4
 p

os
si

bl
e 

co
m

bi
na

ti
on

s 
of

   
   

   
   

de
ca

ys
 in

to
fi

na
l s

ta
te

s

0
0 ,
B
B

,
ρ

π
ρ

π
+

−
−

+
ρ

π±
m

it
’s 

no
t

a 
“g

ol
de

n 
m

od
e”

 –
in

 t
he

 lo
we

st
 o

rd
er

,
P(

pe
ng

ui
n)

 a
nd

 T
(t

re
e)

 a
m

pl
it

ud
es

 h
av

e 
di

ff
er

en
t 

we
ak

 p
ha

se
s 

an
d 

ca
nn

ot
 b

e 
co

ns
id

er
ed

 a
s 

on
e 

am
pl

it
ud

e(
e.

g.
   

   
   

   
   

   
   

). 
Th

us
, C

KM
 “a

lp
ha

”
co

ul
d 

on
ly

 b
e 

ex
tr

ac
te

d 
if

:
0

/
S

B
J

K
ψ

→

fu
ll 

D
al

it
z 

pl
ot

 a
na

ly
si

s 
is

 d
on

e(
on

e 
ne

ed
s 

to
 a

dd
 

)

th
eo

re
ti

ca
l i

np
ut

(e
.g

. P
 is

 v
er

y 
sm

al
l)

0
0

0
B

ρ
π

→
is

 n
ei

th
er

na
rr

ow
 n

or
ex

ot
ic

 –
m

or
e 

ba
ck

gr
ou

nd
(77

0)
ρ±



So
m

e 
m

ot
iv

at
io

n(
“it

 is
”)

0 B
ρ

π±
→

m

re
la

ti
ve

ly
 h

ig
h 

in
te

rf
er

en
ce

 (~
20

%
) b

et
we

en
am

pl
it

ud
es

 –
fu

ll 
D

al
it

z 
pl

ot
 a

na
ly

si
s

po
ss

ib
le

 a
t 

le
as

t 
in

 p
ri

nc
ip

le
(t

he
 f

ac
t 

th
at

is
 n

ot
 n

ar
ro

w 
–

he
lp

s 
he

re
!) 

 

is
 o

ne
 o

f 
th

e 
la

rg
es

t 
br

an
ch

in
g 

ra
ti

os
 f

or
 

ch
ar

m
le

ss
 m

od
es

(e
xp

ec
t 

ar
ou

nd
 4

50
 e

ve
nt

s
fo

r 
56

if
b)

0
0

,
,

ρ
π

ρ
π

ρ
π

+
−

−
+

we
 d

on
’t 

ha
ve

 a
 c

ho
ic

e
–

on
e 

ne
ed

 t
o 

ap
pr

oa
ch

 t
hi

s 
de

ca
y 

m
od

e 
so

on
er

 o
r 

la
te

r…

(77
0)

ρ±



A
na

ly
si

s 
st

ra
te

gy
0 B

ρ
π±

→
m

we
  p

er
fo

rm
 a

 “q
ua

si
 2

-b
od

y”
 a

na
ly

si
s 

of
de

ca
y,

 b
y 

av
oi

di
ng

 t
he

 in
te

rf
er

en
ce

 r
eg

io
n 

of
 D

al
it

z 
pl

ot

0 B
K

ρ±
→

m
fi

t 
is

 d
on

e 
si

m
ul

ta
ne

ou
sl

y 
fo

r 
   

   
   

   
   

  a
nd

0 B
ρ

π±
→

m

th
e 

ch
ar

ge
 o

f 
ρ

is
 

de
te

rm
in

ed
 b

y 
ki

ne
m

at
ic

s

86
%

Pc
m

s,
 G

eV
/c



A
na

ly
si

s 
st

ra
te

gy

we
 s

ep
ar

at
e 

si
gn

al
 c

on
tr

ib
ut

io
ns

 in
to

 3
 c

om
po

ne
nt

s:
-

tr
ue

 s
ig

na
l(u

si
ng

 M
C 

m
at

ch
in

g)
-

se
lf

-c
ro

ss
 f

ee
d(

SC
F)

 w
it

h 
ri

gh
t 

Q
(~

30
%

)
-

se
lf

-c
ro

ss
 f

ee
d

wi
th

 w
ro

ng
 Q

( ~
4%

)

no
 s

uc
h 

“t
ru

e-
vs

-f
ak

e 
π0

”

se
pa

ra
ti

on
 is

 d
on

e
fo

r 
an

y 
of

 t
he

 
ba

ck
gr

ou
nd

s



A
na

ly
si

s 
st

ra
te

gy (
)

(
)

0 0 0

|
|/

|
|/

|
|/

(1
)

1
sin

(
)

co
s(

)
4

2

(1
)

1
sin

(
)

co
s(

)
4

2

(1
)

1
4

tag

tag

tag

tag

t

t
C

CP
d

d
C

B
tag

t
C

CP
d

d
C

B
tag

t
C

CP
B
tag

D
e

f
A

D
S

m
t
C

m
t

D
e

f
A

D
S

m
t
C

m
t

D
e

f
A

τ
ρ

π
ρπ

ρπ
ρπ

τ
ρ

π
ρπ

ρπ
ρπ

τ
ρ

π
ρπ

τ τ τ

+
−

+
−

−
+

−∆
+

+

−∆
+

+

−∆

∆



=

+
+

+
∆

∆
−

∆
∆










∆



=

+
−

−
∆

∆
−

∆
∆










∆
=

−
+

(
)

(
)

0

|
|/

sin
(

)
co

s(
)

2

(1
)

1
sin

(
)

co
s(

)
4

2

ag

tag

tag

tag

d
d

C

t
C

CP
d

d
C

B
tag

D
S

m
t
C

m
t

D
e

f
A

D
S

m
t
C

m
t

ρπ
ρπ

τ
ρ

π
ρπ

ρπ
ρπ

τ
−

+

−
−

−∆
−

−




+
∆

∆
−

∆
∆










∆



=

−
−

−
∆

∆
−

∆
∆










0

0 0

C
P

A C
C

S
S

ρπ ρπ
ρπ

ρπ
ρπ

+
−

+
−

≠ +
≠

+
≠

if
 a

ny
 o

f 
th

es
e 

th
re

e 
is

 t
ru

e:
CP

 is
 v

io
la

te
d

0 B
ρ

π+
−

→

0 B
ρπ+

−
→ 0 B

ρ
π−

+
→

0 B
ρπ−

+
→



A
na

ly
si

s 
co

m
po

ne
nt

s

-
si
gn

al
 B

 s
el
ec

ti
on

:
-

sk
im

 d
at

a 
us

in
g 

BC
CP

i0
3b

od
y

ta
g 

bi
t(

66
%

 -
si

gn
al

, 1
9%

 -
on

pe
ak

)
-

tr
ac

ks
 a

re
 G

oo
dT

ra
ck

sV
er

yL
oo

se
-

π0
ar

e 
fr

om
 p

iL
oo

se
M

as
s:

0.
11

 < 
m

(γ
γ)

 < 
0.

16
, G

eV
/c

2

-
Eγ

> 5
0 

M
eV

,  
 0

.0
1 

< L
A

Tγ
< 0

.6
-

0.
4 

< M
(ρ

)<
 1

.3
, G

eV
/c

2,
 h

el
ic

it
y 

|H
(ρ

)|
 > 

0.
25

-
5.

23
 < 

M
es

 < 
5.

28
95

, G
eV

/c
2 , 

 -
0.

12
 < 

E 
-

Eb
ea

m
 < 

0.
15

, G
eV

-
ve

to
 e

le
ct

ro
n,

 k
ao

n,
 p

ro
to

n 
fo

r 
so

ft
er

 t
ra

ck
-

N
γ(

D
IR

C)
 > 

5
-

m
(π

π0
) <

 5
.14

, m
(π

− π
+ )

 < 
5.

14
 G

eV
/c

2 (
ag

ai
ns

t 
2-

bo
dy

 B
-b

kg
)

-
co

nt
in

uu
m

 d
is

cr
im

in
at

or
 c

ut
 (3

0%
 -

si
gn

al
, 0

.1%
 -

on
pe

ak
)

-
1 

co
m

bi
na

ti
on

/e
ve

nt
 w

it
h 

“b
es

t”
 m

(p
0)

 is
 t

ak
en

-
ot

he
r 

B 
se

le
ct

io
n:

-
un

us
ed

 f
or

 s
ig

na
l B

 r
ec

on
st

ru
ct

io
n:

 
tr

ac
ks

 f
ro

m
 G

oo
dT

ra
ck

sL
oo

se
 

ne
ut

ra
ls

 f
ro

m
 C

al
or

N
eu

ta
l

ar
e 

us
ed

 t
o 

ca
lc

ul
at

e 
va

ri
ou

s 
ev

en
t-

sh
ap

e 
va

ri
ab

le
s



Ch
oi

ce
 o

f 
M

VA

-
we

 c
on

si
de

re
d 

a 
la

rg
e 

nu
m

be
r 

of
 e

ve
nt

 s
ha

pe
 v

ar
ia

bl
es

 
to

 b
e 

us
ed

 f
or

 d
is

cr
im

in
at

io
n 

ag
ai

ns
t 

co
nt

in
uu

m
 b

ac
kg

ro
un

d,
an

d 
de

ci
de

d 
to

 u
se

 t
he

 m
os

t 
si

m
pl

e 
on

e:
N

N
 w

it
h 

4 
va

ri
ab

le
s(

Ba
se

): 
 m

(ρ
), 

co
sθ

Η
(ρ

), 
L0

, L
2 

on
-p

ea
k 

si
de

ba
nd

of
f-p

ea
k 



Ch
oi

ce
 o

f 
M

VA



Ch
oi

ce
 o

f 
M

VA



Va
lid

at
io

n 
of

 M
VA

-
we

 u
se

d 
fu

lly
 r

ec
on

st
ru

ct
ed

   
   

   
   

   
   

ev
en

ts
 a

nd
co

m
pa

re
d 

N
N

 o
ut

pu
t 

fo
r 

D
at

a 
an

d 
M

C(
   

   
   

   
  )

0 B
D

ρ±
→

m

,
D

ρ
ρ

π
±

±
m

m



Va
lid

at
io

n 
of

 M
VA

N
N

 o
ut

pu
t 

fo
r 

ta
g 

ca
te

go
ri

es
(a

ft
er

 d
is

co
ve

ry
 o

f 
th

is
 

de
pe

nd
en

ce
, w

e 
do

 a
 t

ag
-b

y-
ta

g 
se

pa
ra

ti
on

 in
 t

he
 f

it
) 

M
es

 f
or

 t
ag

 c
at

eg
or

ie
s



D
at

a 
an

d 
M

C 
sa

m
pl

es

-
D
at

a 
an

d 
M

on
te

 C
ar

lo
:

Ru
n 

1(
20

00
):

on
-r

es
on

an
ce

 2
0.

3f
b-

1 , 
of

f 
2.

6f
b-

1

Ru
n 

2(
20

01
):

on
-r

es
on

an
ce

 3
5.

7f
b-

1 , 
of

f 
3.

8f
b-

1

si
gn

al
 B

->
ρπ

SP
4 

M
C:

 5
8x

10
3 

ev
en

ts
(in

te
rf

er
in

g 
an

d 
no

n-
in

te
rf

er
in

g)
 

si
gn

al
 B

->
ρΚ

SP
4 

M
C:

  3
3.

0x
10

3 
ev

en
ts

 
ge

ne
ri

c 
ud

s
SP

4 
M

C:
 3

1.2
x1

06
 e

ve
nt

s 
ge

ne
ri

c 
cc

ba
r

SP
4 

M
C:

  8
.7

x1
06

 e
ve

nt
s 

ge
ne

ri
c 

B+
B-

SP
4 

M
C:

  2
6.

2x
10

6 
ev

en
ts

 
ge

ne
ri

c 
B0

B0
   

  S
P4

 M
C:

 3
4.

0x
10

6 
ev

en
ts

ch
ar

m
le

ss
1 

SP
4 

M
C:

   
   

  1
.3

x1
06

 e
ve

nt
s

ch
ar

m
le

ss
2 

SP
4 

M
C:

   
   

 2
.9

x1
06

 e
ve

nt
s

80
 e

xc
lu

si
ve

 2
,3

,4
-b

od
y 

ch
ar

m
le

ss
 B

-d
ec

ay
s:

2.
35

x1
06

 (S
P4

) a
nd

 0
.3

x1
06

 (S
P3

) 



Ta
u 

ba
ck

gr
ou

nd

us
in

g 
8.

5x
10

6
ge

ne
ri

c 
Ta

u 
M

C 
ev

en
ts

, a
ft

er
 a

ll 
th

e 
cu

ts
, 

we
 f

ou
nd

 it
 t

o 
be

 3
%

 o
f 

th
e 

do
m

in
an

t 
ud

sc
ba

ck
gr

ou
nd

,
it

’s 
ve

ry
 u

ds
c-

lik
e

in
 m

an
y 

pr
oj

ec
ti

on
s 

an
d 

m
os

t 
of

 it
go

es
 in

to
 u

n-
ta

gg
ed

ca
te

go
ry

77
.3

+/
-3

.0
8.

6+
/-

2.
0

7.
1+

/-
1.8

6.
6+

/-
1.8

0.
5+

/-
0.

5
ta

u 
M

C

53
.4

+/
-0

.7
14

.9
+/

-0
.5

4.
6+

/-
0.

3
26

.6
+/

-0
.6

0.
4+

/-
0.

1
of

f-
pe

ak

N
oT

ag
N

T2
N

T1
Ka

on
Le

pt
on

no
 t

au
-s

pe
ci

fi
c 

PD
F 

is
 a

dd
ed

to
 t

he
 L

ik
el

ih
oo

d 
fu

nc
ti

on
, 

ud
sc

 p
ar

am
et

er
iz

at
io

n 
sh

ou
ld

 a
cc

ou
nt

 f
or

 it



B-
>c

ha
rm

 b
ac

kg
ro

un
d

U
si

ng
 3

4.
0x

10
6 

B0
B0

an
d 

26
.0

x1
06

 B
+ B

-
of

 g
en

er
ic

 M
C 

ev
en

ts
, w

e 
fo

un
d 

th
at

 a
ft

er
 a

ll 
cu

ts
 t

he
re

 w
ill

 b
e 

1.6
%

(c
om

pa
re

d 
to

 u
ds

c)
co

nt
am

in
at

io
n.

 

no
 s

pe
ci

fi
c 

b-
>c

 P
D

F 
is

 a
dd

ed
to

 t
he

 L
ik

el
ih

oo
d 

fu
nc

ti
on

, 
ud

sc
 p

ar
am

et
er

iz
at

io
n 

sh
ou

ld
 a

cc
ou

nt
 f

or
 it



Ch
ar

m
le

ss
 B

-
ba

ck
gr

ou
nd

st
ar

te
d 

wi
th

 8
0

2,
3,

4-
bo

dy
 c

ha
rm

le
ss

 m
od

es
fr

om
 S

P4
 M

C

en
d 

up
 w

it
h 

 2
1

2,
3,

4-
bo

dy
 c

ha
rm

le
ss

 m
od

es

11
 P

D
Fs

ar
e 

ad
de

d 
to

 t
he

 L
ik

el
ih

oo
d 

fu
nc

ti
on

al
l s

el
ec

tio
n 

cu
ts

 a
re

 a
pp

lie
d,

 
N

(e
xp

ec
te

d)
 >

 1
 e

ve
nt

 is
 re

qu
ire

d

th
e 

bi
gg

es
t c

on
tri

bu
tio

ns
 a

re
 ta

ke
n 

ex
cl

us
iv

el
y,

 o
th

er
s a

re
 g

ro
up

ed
 to

ge
th

er
 

ac
co

rd
in

g 
to

 th
ei

r C
P 

pr
op

er
tie

s



Ch
ar

m
le

ss
 B

-
ba

ck
gr

ou
nd

th
e 

la
rg

es
t

co
nt

rib
ut

or
!

“i
nc

lu
si

ve
”

“n
on

 
se

lf-
ta

gg
in

g ”

“s
el

f-
ta

gg
in

g”

“c
ha

rg
ed

”



Ch
ar

m
le

ss
 B

-b
ac

kg
ro

un
d

-
Ch

ar
ge

d 
B 

de
ca

ys
(e

.g
. 

):
0

B
ρ

π
+

+
→

-
N
eu

tr
al
 s

el
f-

ta
gg

in
g(

e.
g.

 
):

-
N
eu

tr
al
 n

on
-s

el
f-

ta
gg

in
g(

e.
g.

  
  
  
  
  
):

0
*

B
K

π+
−

→

0 B
ρ

ρ+
−

→

|
/

|
ta

g,
ch

ar
ge

0
0

0
0

ta
g,

ch
ar

ge

(
,t

ag
,c

ha
rg

e
)

e

{
;

;
;

;N
oT

ag
}

t
P

t
w

w
B

B
B

B

τ

ρ
ρ

ρ
ρ

−
∆

+
−

+
−

∆
=

±
=

±
=

=

*

0

*

0

|
|/

ch
ar

ge

|
|/

ch
ar

ge

1
co

s(
)

w
4

2

1
co

s(
)

w
4

2

t
K

d
B
ta
g

t
K

d
B
ta
g

e
D

f
D

m
t

e
D

f
D

m
t

τ
π

τ
π

τ τ

+
−

−
+

−
∆

−
∆

∆



=

+
+

∆
∆







∆



=

+
−

∆
∆







(
)

(
)

0 0

|
|/

|
|/

1
sin

(
)

co
s(

)
4

1
sin

(
)

co
s(

)
4t

eff
d

eff
d

B
ta
g

t

eff
d

eff
d

B
ta
g

e
f

S
m
t
C

m
t

e
f

S
m
t
C

m
t

τ ττ τ

−
∆

±
±

±

−
∆




=
+

∆
∆

−
∆

∆







=
+

∆
∆

−
∆

∆



m

m
m

-
m

is
-c

ha
rg

e 
an

d 
m

is
-t

ag
Ra

te
s 

ar
e 

ab
so

rb
ed

 in
to

-f
or

 C
P-

ei
ge

n 
st

at
es

,

±
±

ef
f

ef
f

,
S
C

,
eff

eff
eff

eff
S

S
C

C
+

−
+

−
=

=



Ch
ar

m
le

ss
 B

-
ba

ck
gr

ou
nd

0
ex

pe
ct

ed

0
0

ex
pe

ct
ed

0
ex

pe
ct

ed

0
0

ex
pe

ct
ed

1)
   

   
   

   
   

   
   

 f(
K

) =
 0

.0
,  

 n
= 

8.
6

2)
,

 f(
K

) =
 0

.9
2,

  n
= 

40
.3

3)
,

 f(
K

) =
 0

.7
3,

  n
= 

17
.5

4)
,

 f(
K

) =
 0

.0
,  

  n
= 

65

S
B

K

B
K

B
K
f

B
K

B

B
B

π

ρ

π
π

π

ρ
π

ρ
π

+
+

+
+

+
+

+
+

+
+

−

+
+

+
+

→ →
→

→
→

→
→

ex
pe

ct
ed

0
K Q

Q
ex

pe
ct

ed

0
*

0
K Q

Q
ex

pe
c

5)
, 4

-b
od

y(
in

cl
us

iv
e)

   
   

f(
K

) =
 0

.4
2,

  n
= 

38

6)
   

   
   

   
   

   
   

f(
K

) =
 0

.5
9,

  
 =

 0
.4

, 
 =

 0
.0

, n
= 

3

7)
(

)
   

   
  f

(K
) =

 0
.4

0,
  

 =
 0

.6
, 

 =
 0

.0
, n

B B
K

B
K

K

π π

π
ω

ω

π
π

ω
ω

+

+
−

+
+

−

→ →
te

d

0
*0

K Q
Q

ex
pe

ct
ed

0
1

ex
pe

ct
ed

0

= 
31

8)
(

)
   

   
  f

(K
) =

 1
.0

,  
  

 =
 0

.0
, 

 =
 0

.0
, n

= 
6

9)
   

   
   

   
   

   
   

 
 =

 -0
.3

6,
 

 =
 0

.0
2,

 n
 =

 1
1

10
)

   
   

   
   

   
   

  
 =

 -0
.1

3,
 

 =
 0

.1
1

B
K

K

B
a

C
C

B
C

C

π
π

π
ω

ω

π ρ
ρ

+
−

−

+
−

+
−

+
−

+
−

→ → →
ex

pe
ct

ed

0
ex

pe
ct

ed

, n
 =

 9
0

11
)

,4
(

)  
 

 =
 0

.0
,  

  
 =

 0
.0

,  
 n

 =
 2

0
B

bo
dy
in
cl
us
iv
e

C
C

+
−

−

Se
lf

-T
ag

gi
ng

N
on

 
Se

lf
-T

ag
gi

ng

Ch
ar

ge
d 

Bs



D
at

a 
se

le
ct

io
n



D
at

a 
se

le
ct

io
n



D
at

a 
se

le
ct

io
n

no
n-

in
ter

f

in
ter

f

29
.9

%
,

30
.5

%
,

13
.6

%

28
.3

%
,

30
.7

%

27
.5

%
,

28
.1

%
,

5.
1%

SC
F

Q

SC
F

K
SC
F

Q

f

f
f

ρπ ρπ ρε
ω

ε ε
ω

=
=

=

=
=

=
=

=

fi
na

l e
ff

ic
ie

nc
ie

s:



Li
ke

lih
oo

d 
Fu

nc
ti

on

-
to

 e
xt

ra
ct

 C
P 

pa
ra

m
et

er
s 

of
 

de
ca

ys
 w

e 
cr

ea
te

 a
 L

ik
el

ih
oo

d 
Fu

nc
ti

on
:

0
0

,
B

B
K

ρ
π

ρ
±

±
→

→
m

m

-
we

 t
ak

e 
in

to
 a

cc
ou

nt
 

P(
la

b)
-d

ep
en

de
nt

  s
hi

ft
 in

 ∆
E 

wh
en

   
   

   
   

 is
 r

ec
on

st
ru

ct
ed

,  
 

an
d 

as
su

m
e

π
m

as
s

ev
er

yw
he

re

-
fo

r
θ c

he
re

nk
ov

, C
ar

lo
’s 

m
om

en
tu

m
 a

nd
 a

ng
le

-d
ep

en
de

nt
pa

ra
m

et
er

iz
at

io
n 

is
 t

ak
en

K
ρ

±
m

L 
= 

F(
M

ES
,  

∆E
,  

xN
N

,  
θ c

he
re

nk
ov

, ∆
t)



Li
ke

lih
oo

d 
Fu

nc
ti

on
ρπ

ρπ
ρπ

ρK
ρK

ρK
,

ρπ
ρ

,
ρK

ρ
,

qρ
π

qρ
π

qρ
π

qρ
K

qρ
K

qρ
K

qρ
π

ρ
,

qρ
K

ρ
,

B
ρπ

B
ρπ

B
ρK

B
ρK

ρπ
ρK

B
ρπ

ρ
,

B
ρK

ρ
,

ρx ρx qρ
x

B
ρx

ρ

N
(1

Q
A

)
N

(1
Q

A
)

N
(1

Q
A

)
N

(1
Q

A
)

N
(1

Q
A

)
N

(1
Q

A
)

w
he

re
:

N

,

AiC
C

C
P

iC
C

C
P

iC

C
C
P

iC
C

C
P

iC

C
C

C
P

iC
C
P

iC
C

C

C C
C

C

P
f

P
f

P

f
P

f
P

P
P

f N
N

Q

=
+

+
+

+
+

+
+

+
+

+
+

+
Ξ

+
Ξ

ρx ρx
ρx

ρx
ρx

ρx
ρx

ES
ba

tc
h

ba
tc

h

ρπ
ρK(

)/
(

)

(m
)

(∆
E,

p
)

(
N

N
)

(
,p

,
)

(
)

,P
x

x
x

x

C
C

C
C

C
C

C

C
C

N
N

N
N

P
P

P
P

x
P

P
t

ρ
ρ

ρ
ρ

θ
θ

+
−

−
+

+
−

−
+

=
−

−

=
⋅

⋅
⋅

⋅
∆

Ξ
Ξ-

fi
tt

ed
 n

um
be

r 
of

 s
ig

na
l e

ve
nt

s 
of

   
   

  t
yp

e

-
fi

tt
ed

 n
um

be
r 

of
 s

ig
na

l e
ve

nt
s 

of
  t

yp
e 

   
   

 t
ha

t 
ar

e 
ta

gg
ed

 in
 c

at
eg

or
y 

C
ρx

ρx

-
nu

m
be

r 
of

 c
on

ti
nu

um
 b

ac
kg

ro
un

d 
ev

en
ts

 w
it

h 
b.

 t
ra

ck
 x

, t
ag

ge
d 

C

-
ch

ar
ge

 o
f
ρ

-
ti

m
e/

ch
ar

ge
 in

te
gr

at
ed

, d
ir

ec
t 

CP
 

-e
xc

lu
si

ve
 B

-b
ac

kg
ro

un
d 

ch
an

ne
ls

 w
he

re
 t

he
 b

ac
he

lo
r 

tr
ac

k 
is

 t
ru

e 
π

or
 K

si
gn

al

co
nt

in
uu

m

B
-b

kg
.



Ta
gg

in
g 

an
d 

ve
rt

ex
in

g

-
ta

gg
in
g:

we
 u

se
 E

lb
a 

ta
gg

er
to

 d
et

er
m

in
e 

fl
av

or
 o

f 
th

e 
ta

g-
si

de
 B

-v
er

te
xi
ng

:t
he

 d
is

ta
nc

e 
∆z

 b
et

we
en

 B
 –

ve
rt

ic
es

 a
re

 
de

te
rm

in
ed

 b
y 

 B
aB

ar
’s 

st
an

da
rd

 V
tx

Ta
gB

ta
Se

lF
it

cl
as

s 

ta
gg

in
g 

ef
fi

ci
en

ci
es

 a
nd

 m
is

ta
g 

ra
te

s 
ar

e 
ta

ke
n 

fr
om

 f
ul

ly
 

re
co

ns
tr

uc
te

d 
B-

ev
en

ts
(B

re
co

 a
nd

 B
cp

)

st
an

da
rd

 “t
ri

pl
e 

ga
us

si
an

 m
od

el
” i

s 
us

ed
, b

ia
se

s 
an

d 
sc

al
e 

fa
ct

or
s 

ar
 t

ak
en

 f
ro

m
 B

-r
ec

o 
B

 –
si

gn
al

m
od

if
ie

d 
Ga

us
si

an
wi

th
 c

on
vo

lu
te

d 
ex

po
ne

nt
ia

l 
de

ca
y 

di
st

ri
bu

ti
on

(t
ak

en
 f

ro
m

  B
->

h+
h-

an
al

ys
is

)
C

on
tin

uu
m

fo
r 

m
od

es
 w

it
h 

po
ss

ib
le

 C
P 

co
nt

en
t,

 t
he

 r
es

ol
ut

io
n 

fu
nc

ti
on

 is
 t

he
 s

am
e 

as
 f

or
 B

-s
ig

na
l, 

ch
ar

ge
d 

Bs
 –

lif
et

im
e 

fu
nc

ti
on

B
 –

ba
ck

gr
ou

nd



Ta
gg

in
g 

an
d 

ve
rt

ex
in

g

D
is

tr
ib

ut
io

n 
an

d 
fi

ts
 t

o 
th

e 
∆t

 f
or

 o
np

ea
k 

si
de

ba
nd

[p
s]



Fi
t 

Va
lid

at
io

n

va
ri

ou
s 

to
y 

ex
pe

ri
m

en
ts

, w
hi

ch
 e

xp
lo

re
 w

id
e

pa
ra

m
et

er
-s

pa
ce

 o
f 

va
ri

ab
le

s 
we

 a
re

 t
ry

in
g

to
 f

it
 –

ch
ec

ks
 in

te
rn

al
 f

it
 b

ia
se

s

fi
ts

 t
o 

pu
re

 a
nd

 m
ix

ed
 M

C 
sa

m
pl

es
 t

o 
-

ch
ec

ks
 P

D
Fs

, c
or

re
la

ti
on

s,
 s

ca
le

 f
ac

to
rs

wh
en

 a
ll 

th
e 

co
m

po
ne

nt
s 

ar
e 

“o
n”

, f
it

 b
ec

om
es

qu
it

e 
co

m
pl

ic
at

ed
, w

e 
an

ti
ci

pa
te

 a
ro

un
d 

35
-4

0 
pa

ra
m

et
er

s 
(d

ep
en

di
ng

 o
n 

wh
et

he
r 

we
 f

it
 ∆

E 
an

d 
M

es
 p

ar
m

s .)
 –

ac
cu

ra
te

 v
al

id
at

io
n 

is
 e

ss
en

ti
al

ne
ed

 t
o 

cr
os

s 
ch

ec
k 

th
at

 w
e 

ca
n 

fi
t 

co
ns

is
te

nt
B-

m
es

on
 p

ar
am

et
er

s(
m

ix
in

g,
 li

fe
ti

m
e)



To
ys

11
9

to
y 

ex
pe

ri
m

en
ts

 w
it

h 
39

pa
ra

m
et

er
s 

ge
ne

ra
te

d 
wi

th
 

ex
pe

ct
ed

 n
um

be
r 

of
 s

ig
na

l, 
co

nt
in

uu
m

, a
nd

 a
ll 

B-
ba

ck
gr

ou
nd

 
m

od
es

 r
ev

ea
le

d 
no

 o
bv

io
us

 b
ia

se
s 

(m
or

e 
st

at
is

ti
cs

 is
 n

ee
de

d!
)

C
−

C
+

S
−

S
+

(
)

C
P

A
ρπ

(
)

CPA
Kρ ES

M
(

)
N

ρπ
(

)
N

Kρ



M
C 

ex
pe

ri
m

en
ts

we
 u

se
d 

4 
di

ff
er

en
t 

sa
m

pl
es

 o
f 

si
gn

al
 M

on
te

 C
ar

lo
:

0 0

0
0

0

+
-

1)
 

   
   

   
 (n

o 
in

ter
fe

re
nc

e e
ffe

cts
, C

=S
=0

, S
P4

)

2)
 

   
   

   
(n

o 
in

ter
fe

re
nc

e e
ffe

ct
s, 

C=
S=

0,
 S

P4
)

3)
 

,
(fu

ll 
-v

s-
 in

te
rfe

re
nc

e, 
   

   
   

   
   

   
   

   
   

   
   

C
=-

0.
36

, C

B B B
B

ρ
π

ρ
π π

π
π

ρ
ρ

−
+

+
− +

−

→ →

→
+

-

0
0

-
+

=0
.3

6,
 S

=0
.7

, S
=0

.7
, S

P4
)

4)
,

   
 (C

=-
C

=+
1,

 S
P4

)
B
B

K
ρ±

→
m

si
gn

if
ic

an
t 

bi
as

 in
 S

- (
-0

.14
7+

/-
0.

04
5)

O
K

!

O
K

!

O
K

!



M
C 

ex
pe

ri
m

en
ts

fit
 to

 th
e 

co
m

bi
ne

d
sa

m
pl

e 
of

 p
ur

e

M
C

 e
ve

nt
s 

0
0

,
B

B
K

ρ
π

ρ
±

±
→

→
m

m

0
,

B
ρ+

0
,

B
ρ+

0
,

B
ρ−

0
,

B
ρ−



Sy
st

em
at

ic
s

is
 n

ot
 y

et
 c

om
pl

et
e,

 b
ut

 m
an

y 
is

su
es

 a
re

 c
ov

er
ed

(e
.g

. w
e 

fo
un

d 
th

at
 v

ar
ia

ti
on

 o
f 

Br
 b

y 
+/

-σ
 o

f 
un

kn
ow

n 
B-

bk
g 

br
an

ch
in

g 
ra

ti
os

 a
nd

 t
he

ir
 C

P 
pa

ra
m

et
er

s 
ca

n 
on

ly
 le

ad
 t

o 
ab

ou
t 

~1
0%

bi
as

 o
n 

th
e 

va
lu

e 
of

CP
 p

ar
am

et
er

 S
 (1

0%
 r

el
at

iv
e 

to
 s

ta
ti

st
ic

al
 e

rr
or

on
 t

hi
s 

pa
ra

m
et

er
)

co
m

pl
et

e 
as

se
ss

m
en

t 
re

qu
ir

es
 u

n-
bl

in
di

ng
 



Co
nc

lu
si

on

we
 a

re
 e

xp
ec

ti
ng

 n
ew

 M
C 

sa
m

pl
es

 b
y 

Th
ur

sd
ay

 a
nd

 w
ill

tr
y 

to
 f

ig
ur

e 
th

e 
so

ur
ce

 o
f 

th
e 

bi
as

, i
f 

th
is

 is
 s

ol
ve

d
we

 p
ro

ba
bl

y 
ha

ve
 a

 c
ha

nc
e 

to
 a

sk
 f

or
 u

n-
bl

in
di

ng

th
er

e 
ar

e 
so

m
e 

ot
he

r 
un

re
so

lv
ed

 is
su

es
, b

ut
 w

e 
ar

e 
tr

yi
ng

ha
rd

to
 m

ak
e 

it
 t

o 
FP

CP
  


